judged as severe and characterised as dyskinetic or spastic quadriplegia. 3 In addition to CP, the long-term outcome for affected children includes a variety of other non-motor morbidities, such as cognitive dysfunction, educational problems and memory impairment. [3] [4] [5] [6] [7] Even in mild encephalopathy, which has historically been considered to have a good outcome, 8 there are reports of magnetic resonance imaging abnormalities and unfavourable clinical outcomes. 9, 10 Accordingly, NE is considered to be potentially responsible for adverse lifelong consequences, with major ongoing costs involved for care. In New Zealand, these costs may be claimed from the Accident Compensation Corporation and, in other countries, may be the subject of litigation. Therefore, it is unsurprising that the prevention of NE is the focus of national quality improvement programmes such as those overseen by the Perinatal and Maternal Mortality Review Committee 11 and NE Task Force in New Zealand 12 or Each Baby Counts (Available from: https://www.rcog.org.uk/eachbabycounts) in the UK.
Data
An important first step in the process of prevention of NE is to establish a dataset with good case ascertainment in order to calculate an accurate baseline rate. This has been achieved in New Zealand, where comprehensive national data have been collected centrally from the paediatric and maternity sector using the Perinatal and Maternal Mortality Review Committee infrastructure. For the 5 years (2010-2015), a rate of moderate-tosevere NE, equivalent to 1.24/1000 term births, has been reported. 13 Using this same dataset, it was also possible to identify key demographic and clinical factors associated with an increased risk of NE. 14 Some of these factors, such as Pacific ethnicity, deprivation and nulliparity, may possibly be linked together and affect the way that services are utilised. Indeed, Pacific ethnicity has been previously associated with delayed engagement with a lead maternity carer 15 and also increased rates of death in the late fetal 16 or perinatal time period. 13, 17 The data generated from this type of centralised review can be very useful in the efforts to reduce rates of NE and improve outcomes. Specifically, knowledge can be incorporated in quality improvement initiatives such as plan-do-study-act activities, inform guideline development and may be used in the planning of further research. However, an understanding of the local factors is vital as, in alternative settings, other ethnic or cultural groups are reported to be at a higher risk.
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A major benefit of the complete and detailed ascertainment of NE cases is that it enables a formal review of the individual cases for quality improvement purposes. The classification of adverse events based on incident analysis 19, 20 and the design of corrective action plans are essential steps in the systematic approach to improving safety and quality in maternity care. Indeed, the process of case review has also been widely used in confidential maternity enquiries. Similarly, in other areas of medicine, the use of a standardised review process has been examined and is considered to have a role in improving patient care. 21 Although a detailed discussion of quality improvement science is beyond the limits of this opinion piece, some of the tools available for quality improvement in perinatal care have been recently reviewed. 22 Furthermore, the value and timeliness of focussing on obstetric safety and quality was emphasised in a recent review on the topic, 23 which cited the relative frequency of childbirth, expectation of good outcomes and high cost of adverse outcomes as key the factors making this an important topic. An established database of NE cases may additionally be used in data linkage for medical research and quality improvement purposes. For example, there could be an opportunity to link with routinely collected educational assessments or later health data. The results from this type of work have been previously reported from Scandinavia. 24 Currently, there is major interest in the use of so-called big data, but there are still some hurdles, so this area will require ongoing work before completely fulfilling promise. 25, 26 In order to gauge the success (or not) of any improvement measures, it is helpful to measure NE over time. There have been some single-centre reports of historical improvement in NE rate. 27, 28 However, these are limited by their retrospective nature and convenience sampling rather than focussed on the effect of specific, timed interventions. Thus, an accurate national dataset of NE, with good ascertainment, will also enable the assessment of interventions and track any improvement.
Quality Improvement
There are a variety of different approaches that could potentially be utilised to reduce the frequency of NE. Initially, it may be considered logical to improve the intrapartum detection of adverse fetal status, which would focus on the subset of infants considered to have hypoxic ischaemic encephalopathy. Supporting this are reports that 60% of moderate and severe NE cases may be attributed to asphyxia based on umbilical blood gas analysis, with the majority developing during labour. 29 In addition, studies using magnetic resonance imaging in infants with NE have reported evidence of an acute insult without established injury or atrophy in 80% of cases, thus highlighting the importance of perinatal asphyxia. 30 Furthermore, audits of intrapartum care
suggest that poor recognition of fetal compromise is a significant contributor, with the most frequently identified theme related to the use and interpretation of fetal surveillance in labour. 31 On the other hand, the Cochrane review on continuous cardiotocography (CTG) as a form of electronic fetal monitoring for fetal assessment during labour 32 33, 34 and suggested that less than 25% of NE is due to asphyxia. 35 With this in mind, a wider approach considering all the ways to improve quality and safety may be wiser. Indeed, the benefits of a 'comprehensive obstetric patient safety' approach have been well documented. [36] [37] [38] In these reports, intrapartum monitoring was one element in the comprehensive safety programme that also included measures to standardise care, improve teamwork and communication and optimise oversight and quality review. Review of the published literature is an important component of designing a comprehensive safety programme. The work by Nelson et al. acknowledges that asphyxia can cause brain injury 39 and reports an increased adjusted odds ratio for CP following fetal monitoring abnormalities. 34 However, it also highlights the extremely high false positive rate of CTG and questions the proportion of neurological impairment due to perinatal hypoxiaischaemia. 33, 34 A further contribution has been made by examining associated factors in the predisposition to NE, such as growth restriction, which may impair the ability of the fetus to tolerate hypoxia ischaemia due to limited placental function. Similarly, there is a link between febrile illness in the mother and neonatal neurological problems potentially via an obligate raising of metabolic rate. Thus, the detection and appropriate timely management of these conditions is important in decreasing the frequency and/or severity of NE. Likewise, the recognition of large-forgestational age status, which predisposes to shoulder dystocia, and awareness of other conditions that increase the risk of placental abruption or cord accident should be included in a comprehensive safety strategy.
Education
Several bodies have developed educational packages covering intrapartum fetal and maternal surveillance. The benefit of an educational approach is supported by the published literature, including a report of a decrease in the rate of NE following introduction of a programme in Queensland. 40 However, a recent review on this topic 41 made several suggestions for the improvement of existing educational programmes, including making training mandatory, incorporating realistic testing and ensuring training occurred during paid working hours over a minimum of 2 days. Further research in this area could inform ongoing development of these teaching programmes.
Human Factors
In addition to the investment in education, it is necessary to understand the role of health-care workers' behaviour in improvement of quality and safety. It is also important to look for technological innovations that support the clinician in making decisions. Unfortunately, the recently published computerised interpretation of the fetal heart rate during labour: a randomised controlled trial (INFANT) 42 assessing a decision support tool, which utilised the computerised assessment of the fetal heart trace, proved to be salutary reading. In this very large multicentre randomised controlled trial, the INFANT system provided a colour-coded alert (blue least severe/yellow moderately severe/ red most severe) based on the computer analysis, but this did not reduce poor neonatal outcomes, including death or major neurological injury in the infant, when compared with CTG alone. Furthermore, as noted in the INFANT trial discussion, 'Most adverse outcomes associated with preventable substandard care seemed to involve failure to take appropriate management decisions once the cardiotocographic abnormality had been recognised'. 42 Similar findings have also been recently described by Sadler et al.
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and Jonsson et al. 43 in their reviews of perinatal care from New Zealand and Sweden, respectively. So, there is an urgent need to understand more about why there is a lack of appropriate action or delayed response to recognised features of poor fetal status, such as pathological CTG changes. The INFANT trial discussion 42 foreshadowed a forthcoming separate paper on this subject, and this question certainly merits further work. At the individual level, many complex and interacting factors are relevant, including knowledge, skills, experience, attitudes and risk awareness. These may affect behaviours and may be modified by appropriate training. Organisational factors will determine standards at work, team work, communication, safety culture and accountability, which may have a positive effect on outcomes if optimised. Similarly, environmental factors may affect the ability to perform in the job and so also need to be considered. The factor could be as simple as inadequate light in which to perform a neonatal examination or unfamiliarity with the equipment, such as that used in lactate testing. Without an understanding of such factors, it could be tempting to attribute a contributory factor to individual behaviour or thinking or knowledge when it may actually be an organisational or environmental factor that could be simply addressed. Intrapartum care requires a situational awareness where the health-care worker performs a dynamic assessment, including monitoring environmental information, and integrates this with his or her knowledge to form a coherent mental picture. 44 Optimal post-natal care involves neonatal resuscitation skills, which all staff involved in birth need to regularly update. However, there is also a need for the recognition of NE to ensure timely referral and treatment with therapeutic hypothermia. In a recent report from North America, 45 outborn infants had significant delays in the initiation of cooling compared to those infants born in a centre that was part of the Neonatal Research Network. Avoiding delays in NE recognition, education of staff on passive cooling and providing hypothermia during transport all have a role in improving neonatal care. It is acknowledged that the question of 'human factors' is complex and that the evidence of improvement following interventions is still emerging. However, it is worth noting the potential benefit to maternity outcomes from other courses on practical skills and interdisciplinary teamwork training. 46, 47 The two previously discussed reports of 'comprehensive' quality and safety programmes also included teaching on elements of teamwork and communication. 37, 38 Two systematic reviews 48 54 Team building, giving people the confidence to speak up, making peer review part of normal practice and education of providers on their potential biases are all potential methods to improve effectiveness.
Case Review
Finally, it is salient to consider the role of multidisciplinary case review in NE prevention. The findings of central review are important to identify recurring themes, 20 and expert subject knowledge may also be required in complex cases. However, it is essential that local multidisciplinary review should occur as this allows the incorporation of local knowledge of organisational and environmental factors. The process provides feedback to the local teams and encourages local lessons to be learnt by others involved in providing care. In addition, local discussion enables relevant practice improvements to be made. Such review should be based on a no individual fault systematic approach, understanding the science of quality improvement and provided with adequate time and resources. There is a role for timely rapid style review, but other models such as root cause analysis may be used in specifically indicated cases. Formal training in the methodologies in order to facilitate local review increases the cadre of people involved in the process and encourages a more inclusive approach with ownership of the prevention of NE. Although several tools exist to support local teams in their review (Each Baby Counts; Available from: https://www.rcog.org.uk/eachbabycounts), 30 it is important that national bodies make it a priority to support the building of this local capacity and ensure that tools are provided. A final challenge is finding a method to share review learnings in such a way that they are of benefit to other centres while maintaining confidentiality. Providing leadership and training in this endeavour will facilitate engagement in the review process, which reinforces local quality and safety improvement.
Conclusions
NE is recognised as a significant issue with long-term consequences, and major quality improvement initiatives are underway aimed at reducing rate and severity. NZ is well placed to implement and to evaluate such interventions. However, there are ongoing challenges, particularly the understanding of the role of human factors. Ongoing investment is required to develop the process of the local case as part of a culture of improvement, including analysis and dissemination of new findings. The whole programme of activity requires a combination of leadership and resources, including the availability of time, to complete quality improvement activities, team training and case review.
